The purpose of our experiment was to evaluate the destructive potential of a strain of Actinomyces viscosus on the periodontium of sensitized rodents, describing the induced lesions on the basis of quantitative cytology. The e,xperimental design comprised in principle the following procedures. Young germfree rats were immunized either by intravenous or intradermal injections with heat-killed cells of A. viscosus Ny 1 or sham immunized intradermally with physiological saline. After a period suitable for activation of the humoral and cell-mediated immune systems, Ny 1 was monoassociated in all animals by oral implantation. During the ensuing 42 days the animals were allowed to react against the continuous peripheral oral antigen challenge. Since A. viscosus is known as a heavy dental plaque-forming organism, the animals could be expected to develop local immunopathological lesions in the periodontal tissues. These lesions were then studied by quantitative cytology after sampling procedures allowing optimal tissue preservation. The degree of bone loss observed in all treatments was unrelated to the destructive capacity of the infiltrates, suggesting the presence of distinct mechanisms responsible for the activation of osteoclasts and factors interfering with fibroblast activity. Although the cellular composition of the infiltrated tissues was analyzed at the end of the experiment only, distinct stages of the lesions in the different treatments allowed reconstruction of the sequence of events. After an acute inflammatory phase, a classic delayed hypersensitivity reaction developed which was transformed after some time by a large superimposed plasma cell accumulation. The particular but undefined immune status was the significant factor determining the final type of peripheral infiltrative reaction.
e,xperimental design comprised in principle the following procedures. Young germfree rats were immunized either by intravenous or intradermal injections with heat-killed cells of A. viscosus Ny 1 or sham immunized intradermally with physiological saline. After a period suitable for activation of the humoral and cell-mediated immune systems, Ny 1 was monoassociated in all animals by oral implantation. During the ensuing 42 days the animals were allowed to react against the continuous peripheral oral antigen challenge. Since A. viscosus is known as a heavy dental plaque-forming organism, the animals could be expected to develop local immunopathological lesions in the periodontal tissues. These lesions were then studied by quantitative cytology after sampling procedures allowing optimal tissue preservation. The degree of bone loss observed in all treatments was unrelated to the destructive capacity of the infiltrates, suggesting the presence of distinct mechanisms responsible for the activation of osteoclasts and factors interfering with fibroblast activity. Although the cellular composition of the infiltrated tissues was analyzed at the end of the experiment only, distinct stages of the lesions in the different treatments allowed reconstruction of the sequence of events. After an acute inflammatory phase, a classic delayed hypersensitivity reaction developed which was transformed after some time by a large superimposed plasma cell accumulation. The particular but undefined immune status was the significant factor determining the final type of peripheral infiltrative reaction.
A series of experiments has shown that certain types of actinomyces induce periodontal destruction in conventional and gnotobiotic rodents (10, 11, 12, 13, 28 ; S. S. Socransky et al., Arch. Oral Biol., in press). In these experiments, after classical routes of animal experimentation, the selected animal species (e.g., rats and hamsters) were associated with various microorganisms in order to demonstrate a microbial pathogenic potential. In all of these experiments the main focus was on the association of types of microorganisms and the presence and severity of periodontal destruction. Little emphasis was placed on the mode of destructive activity. On the other hand, a number of other quite remote experiments resulted in conceiving periodontal destruction as a manifestation of hypersensitivity reactions (5, 6, 16, 20, 21, 23, 30) .
The purpose of our experiment was: (i) Blocks 1, 2, and 4 were further subdivided along the middle axis of the teeth into a palatal and a buccal part. Thereafter all blocks were postfixed in OS04 and embedded according to standard procedures (24) . Both parts of blocks 1, 2, and 4 were oriented in a buccopalatal plane parallel to the Epon surface. Blocks 3 and 5 were oriented in a mesiodistal plane. From both parts of block 2 and from block 3, two 1-to 2-Mm-thick random sections were cut with the Reichert OM-U2 ultramicrotome by using glass knives, doubly stained with period acid-Schiff stain and toluidine blue (25) , and mounted in Permount. From each group four buccal portions of block 2 and four of block 3 (interdental tissue) revealing maximally extended lesions were selected for electron microscopic observation. Ultrasections comprising the entire buccal or interdental gingival tissue, respectively, were prepared by using a diamond knife (DuPont) and the LKB Ultrotome I. They were contrasted with uranyl magnesium acetate followed by lead citrate (3, 22) . Electron micrographic recordings were obtained with a Philips 300 electron microscope.
Quantitative evaluation procedures: determination of bone level on macerated lower jaws. All jaws were photographed under standardized conditions by using a Leitz Aristophot and Kodachrome diapositive film. The magnification was adjusted to a level allowing simultaneous reproduction of the lingual side of m, and m,. The diapositives were subjected to a point-counting procedure. This was done in a table projector unit (31) yielding a final magnification of x 55. The projector screen was equipped with a coherent double-lattice test system comprising 99 heavy and 891 light points (31) . A typical diapositive superimposed with the test system is shown in Fig. 1 . The axis of test lines was turned to intersect with the general plane of the alveolar bone crest at an angle of approximately 200. This was done in order to avoid a coincidence of orientation of the alveolar crest with the lines of the test system. All light points superimposed on the root surface between the CEJ and the alveolar bone crest were counted (Fig. 1 ). The counting was performed separately for m, and m2. In addition, the distance between the projected margins of the mesial and distal root surfaces was measured by using a ruler with 0.5-mm gradation. Area points were transformed to express the exposed root surface area in square micrometers. The mesial-distal width of m, and m, was expressed in micrometers. Both data served to calculate the average distance between CEJ and alveolar bone crest per tooth for single jaws as well as for groups of animals.
Histometric measurements on random semithin sections of upper jaws. The distance between the level of the alveolar bone crest and the CEJ as well as between the apical termination of the junctional epithelium (JE) and the CEJ (see Fig. 2 ) was measured on one random section each from the palatal and buccal parts of block 2 and from block 3 (interdental) of right and left upper jaws of two animals per experimental group. A total of 36 sections was analyzed. Measurements were performed by using a microscope fitted with an ocular micrometer. Average data per group of animals were expressed in micrometers.
Morphometric measurements on random semithin sections of upper jaws. The same series of random sections as used for histometric measurements was subjected to morphometric point-counting procedures. These served for the estimation of the volumetric density of gross tissue components ( Fig.  2) : epithelium, connective tissue, and the infiltrated connective tissue (ICT) portion. The components were estimated by superimposing a coherent doublelattice test system comprising 25 heavy and 100 light points with the stained section using a Wild sampling microscope M-501 (32) . The area comprising the gingival tissue to be analyzed (= sample size) was delineated as shown in Fig. 2a and b. By using the heavy point lattice, a magnification of x400 and a consecutive field-to-field sampling covering the delineated tissue area, as well as the gross tissue components, were differentially counted.
Morphometric measurements on electron micrographs of ultrathin sections. To quantitatively analyze the ICT composition, a standardized series of nine electron micrographs was recorded from the ICT area only. A multipurpose test system comprising 42 volumetric points (31) and a magnification of x 11,400 was used to estimate the volumetric and numerical densities per ICT unit volume of fibroblasts, neutrophilic granulocytes, monocytes/macrophages, small and medium-sized lymphocytes, immunoblasts, xlymphocytes (an unidentified cell type), plasma cells, and mast cells , as well as the volumetric density of collagen flbrils. All residual tissue components, such as blood and lymphatic vessels, nerves, interstitial ground substance, and unidentified cell portions, were pooled. The total sample size analyzed per gingival site and treatment group was 14,700 IIm2 of infiltrated connective tissue.
Details of the procedures used for recording electron micrographs, morphometric point counting, recording and computation of raw data were described previously (27) . All resulting data were expressed in cubic millimeters per cubic centimeter of gingival tissue. All numerical density data were expressed per cubic centimeter of ICT. Table 1 . The highest titers were found in intravenously immunized animals of group A. Weak titers were found in the intradermally sensitized animals of group C, whereas the sham-immunized rats of group B showed even lower but still significant titers.
RESULTS
Alveolar bone level. The average distance between the CEJ and the level of the alveolar bone crest at lingual sites of lower first and second molars are compiled in Table 1 . For both teeth this distance was significantly greater in animals of group A compared with groups B and/or C. Furthermore, the distance found at the second molar was always markedly smaller than that determined for the first molar.
The histometric measurements estimating the distance between the CEJ and the level of the alveolar bone crest in random sections of buccal and interdental tissue of upper molars did not reveal any group differences. At buccal sites of first molars, this distance was 341 :1 48 um in group A, 376 + 43 gm in group B, and 312 + 53 gm in group C. At the interdental site between m, and m2, this distance was 460 121 Am, 431 + 117 Mm, and 555 i 79,um, respectively (means + standard deviation). The distance between the CEJ and the apical termination of the JE at the tooth surface were practically zero in all treatment groups with respect to the buccal site of the first molar. At the interdental site between upper ml and m2, Histological observations. Sections derived from the buccal and interdental gingival tissue at upper first molars from animals in all three groups revealed the following structural alterations. The marginal gingiva was enlarged in width and frequently distorted in shape (Fig. 3) . Dense clusters of actinomyces plaque were located either coronal to the gingival margin or within a pathologically deepened sulcus (Fig.  3c) . These clusters were always superficially surrounded mainly by polymorphonuclear leukocytes, which were most numerous in animals of group C (Fig. 4e) . Actinomyces cells could not be encountered within the soft tissues. In all instances the coronal portions of the JE were destroyed or lacking. In the region of the CEJ or along the root surface apical to the CEJ, short residual strands of JE were more or less heavily transmigrated or infiltrated by leukocytes ( Fig.  3b and d; 4b, d and f) . The epithelial attachment to either enamel or cementum was maintained by only a very small number of JE cells (Fig. 3b, d , and f; 4b, d, and f). This had resulted in the formation of pathological deepened sulci or pockets, filled in part with plaque, hair, and leukocytes ( Fig. 3 and 4) . The infiltrated connective tissue portions resided primarily beneath and along the JE, but extended variably in a lateral and/or apical direction ( Fig. 3 and 4) . The collagen fiber arrangement was strikingly altered by infiltration and the fiber attachment was strongly impaired in those areas where ICT had spread beyond the CEJ.
In principle, similar observations could be made in gingival tissue sections derived from interdental sites (Fig. 4) . The surface of the interdental gingiva was flat and covered by a very thin and occasionally apically proliferating CE (Fig. 4a, c, and e) . The interdental space, coronal to the flattened tissue, was more or less densely packed with actinomyces plaque, leukocytes, and hair (Fig. 4a, c , and e). Hair could be observed to reach deep into the soft tissue ( Fig.   4a and b) . Not infrequently, tangentially sectioned hair portions were surrounded by multinucleated giant cells (Fig. 4b) (Fig. 3b and 4b) . These infiltrates were always poor in extravascular neutrophilic granulocytes. On the other hand, all sections of animals of group C exhibited small peripheral infiltrates in which plasma cells could hardly be recognized (Fig. 3f  and 4f Tables 2 and 3 . With the exception of treatment B infiltrates, there was a remarkable similarity at buccal and interdental sites of animals belonging to the same group.
Buccal gingival tissue. Although both the epithelium and overall connective tissue were of similar size in all groups of animals, the ICT was markedly larger in animals of group A compared with those of groups B and C (Table  2) . Percentagewise, collagen fibrils occupied a smaller volume in infiltrates of group A compared with groups B and C. The total cell population amounted to half of the volume of the infiltrates in all groups ( Table 2 ).
The total number of cells present per unit volume of ICT was rather similar for group A (1,200 x 106), for group B (1,800 x 106), and for group C (1,400 x 106). The numerical density of the various cell types, however, was strikingly different between group A and C (Fig. 5) . (32) 93 (26) 108 (60) a See Table 1 .
Fibroblasts were considerably less numerous in group A (182 x 106) than in group C (533 x 106) infiltrates (Fig. 5) . Cells belonging to the lymphocyte series constituted about 80% of group A infiltrates compared with 35% of group C infiltrates (Fig. 6a) (Table 3) . Because the infiltrate in group A animals had deeply spread between the trans-septal collagen fiber bundles located coronal to the interdental bone crest (Fig. 4a) , the collagen volume was larger in this group compared to group C ( Table 3 ). The total cell population present constituted more than 50% of the ICT volume in groups A and C, but only 36% in group C ( Table 3 ). The total number of cells present per unit volume of ICT (Fig. 5) was similar in groups A and B (1,560 x 106 and 1,640 x 106, respectively) but markedly lower in group C (1,000 x 106). In both groups A and B about 70% of the cells belonged to the lymphocyte series. Immunoblasts (77 x 106 and 89 x 106, respectively) and plasma cells (307 x 106 and 386 x 106, respectively) were equally numerous in both groups (Fig. 5 and 6 ). On the other hand, only 33% lymphoid cells contributed to the group C infiltrates in which plasma cells (6 x 106) were extremely scarce ( Fig. 5 and 6 ). In accordance with the composition of infiltrates at buccal sites, the interdental tissue infiltrates of group C animals impressed by the predominance of neutrophilic granulocytes (175 x 106) which were less dense in group A and B (72 x 106 and 49 x 106, respectively) infiltrates. Fibroblasts were less numerous in group A (257 x 106) than in group B (417 x 106) and C (477 x 106) infiltrates (Fig. 5 and  6 ).
In general, the ICT composition of group A animals was strikingly similar at both buccal and interdental sites. The same degree of similarity was found in both sites of group C animals. Group B animals, however, revealed differences in ICT composition between buccal and interdental tissue which resembled those described for group C and A animals. Although in buccal tissue the ICT composition of group B resembled that of group C, in interdental tissue B infiltrates were similar to A infiltrates. DISCUSSION Our data appear to elaborate on the relationship between the mode of sensitization and the type of local reaction which develops in the periodontium on the continuous local antigenic challenge. Animals previously sensitized intravenously (group A) developed and maintained high antibody titers. These animals reacted locally with a large gingival connective tissue infiltrate at both buccal and interdental sites. These infiltrates were predominantly comprised of plasma cells, whereas the acute cellular exudation was rather small. Fibroblasts were markedly reduced in number and collagen fibers in volume. Furthermore, as measured in the lower jaw, a significantly greater bone loss than in group C animals could be established at lingual sites. The was not correlated with the antibody titer prevailing in the same individual animal. On the other hand, animals previously sensitized intracutaneously (group C) exhibited still significant but markedly lower antibody titers than group A. These animals had reacted with only small peripheral infiltrates on buccal as well as interdental sites. At both sites the infiltrate comprised a lymphocyte predominance, contained a very small number of plasma cells, and was distinguished by the elevated level of acute cellular exudation. The infiltrated connective tissue area revealed a normal numerical fibroblast density. Animals of group B, previously sham immunized and subsequently through continuous presence of actinomyces plaque sensitized and challenged locally, had reacted differently at buccal and interdental sites. Although in the buccal tissue the lesion was similar to that in group C animals, the interdental lesion resembled that of group A animals. These results were obtained by combining germfree animal experimentation with serological and stereological analysis. For methodological reasons the latter could not be applied equally to upper and lower jaws because (i) both measurements on the defleshed jaws and histometric and stereological analysis could not be performed on the same specimen, and (ii) both methods required a double estimation on right and left quadrants. For these reasons several portions of the overall results were gained from one or the other jaw only. The average distance between the CEJ and the level of alveolar bone crest, estimating the horizontal bone loss, was measured by stereological methods. In comparison with the more simple direct reading of this distance at special reference points as described by Keyes and Gold (14) , and with the equally laborious method of tracing and paper weighing as described by Costich (1), the stereological approach had the advantage of being simple in performance and producing more accurate overall averages per tooth which could be expressed in micrometers. The obtained results were incompatible with those gained from histometric measurements of the same distance in random sections of buccal and interdental tissue at the upper first molar. This incompatibility is due to only a small part of the fact that an overall average value cannot be expected to coincide with a randomly measured figure at one particular location. It has been found that the two above-mentioned measurements, although not absolutely similar, can still be shown to correspond in demonstrating a decreasing or increasing trend of the alveolar bone level (Schroeder and Jossi, unpublished data). The major reason for incompatibility of the above-mentioned data is that in a noninfected normal rat the distances between the CEJ and the alveolar bone crest differ markedly between upper and lower jaws at the various sites and furthermore, in part change with age. At the lingual aspect of lower molars, this distance increases steadily in 30-to 80-day-old germfree rats, whereas it remains rather constant at buccal and interdental sites around upper first molars (Schroeder and Jossi, unpublished data). In 80-day-old rats (an age comparable to the 83-day-old animals of the present study) the control distance for lingual sites of lower molars would be 575 + 20 Am for ml and 290 20 jim for m2. The control distances at the mesial portion of ml in the upper jaw would be 150 ,gm for buccal sites and 100 gm for the interdental site between upper ml and m2. Comparing these control figures with those of the present study it is obvious that both average data for lower molars as well as selective data for upper molars of animals in all three groups generally reflected a significant loss of alveolar bone height, especially around the upper first molar. This bone loss was more accentuated at lower molars of group A than that of groups B and C, whereas at upper molars animals of all groups revealed similarily drastic bone loss buccally as well as interdentally. These differences between upper and lower molars cannot be explained at present. It is noteworthy, however, that the degree of bone loss in lower molars was unrelated to the individual antibody titers.
The stereological analysis of infiltrate composition was based on previously established methodology and examined at a limited sample size. Despite this limitation the congruence of infiltrate composition between buccal and interdental sites of both groups A and C animals was striking. In general, the results of this analysis corroborated histological observations which allowed a blind differentiation between groups A and C infiltrates. Although these data should be taken as relative rather than absolute figures, they illustrate a proportionally quite different constitution of infiltrate reactions in groups A and C animals.
At first sight, the large proportion of plasma cells in infiltrates of group A could be explained by the presence of sensitized precursors (memory cells) in central lymphoid tissues. These precursor cells having reached the local site would then be transformed into plasma cells in sequence to the peripheral presence of antigen. However, it has been shown by Humphrey and Turk (7), Kosunen and Flax (15) If this is true, intravenous sensitization had surely not exclusively resulted in a stimulation of the humoral immune system only but also in an activation of the cell-mediated immune system.
The infiltrates in group C, on the other hand, shared many traits of a delayed local hypersensitivity reaction and had in addition characteristics of a strong exudative phase which may be explained by chemotactic forces known to operate at the gingival margin (18) . The intracutaneous sensitization had resulted in a significant but minor increase of serum antibodies. This points to the fact that the mode of sensitization of the animals in group C had also resulted in a weak activation of the antibody-mediated immune system. In spite of this fact, the infiltrates in group C were practically devoid of plasma cells, which in turn indicates that the continuous local antigenic stimulation is not answered by a rapid direct recruitment of presensitized B-cells from central lymphoid tissues. It appears furthermore that the group C type infiltrate represents an earlier stage than that observed in group A.
Although the present study reflects the composition of the infiltrated tissues at the terminal experimental stage only, the sequence of events may be reconstructed on the basis of the abovementioned assumptions: (i) a pronounced acute exudative inflammatory phase as an initial response to the actinomyces plaque developing after inoculation; (ii) an infiltration of the peripheral connective and epithelial tissues by lymphocytes and development of a classic delayed hypersensitivity reaction in response to local sensitization or stimulation; (iii) maintenance of the delayed hypersensitivity reaction over prolonged periods of time because of the continuous antigenic challenge; and (iv) development of a superimposed plasma cell accumulation. All types of infiltrates observed in the present study can be classified according to these four phases. It it assumed that the animals of all groups experienced the phases (i) to (iii), possibly at different rates of progress, whereas phase (iv) was only reached in infiltrates of group A and in the interdental tissue of group B.
It is obvious that the connective tissue site harboring the densely packed infiltrates must have been directly affected by the invading cells. Regardless of the type of infiltrate (i.e., treatments A, B, and C) the collagen density within the infiltrated connective tissue was drastically reduced at interdental and buccal sites. In other words, all the infiltrated connective tissue areas contained less than 10% of the collagen density normally found in comparable gingival connective tissues of germfree rats (Schroeder and Jossi, unpublished data). Nevertheless, the number of fibroblasts observed per unit volume of infiltrated tissue in treatments B and C still ranged within the normal variability (N v, 350 x 106 to 550 x 106/cm3 of ICT). Plasma cell infiltrates of treatment A, however, revealed a reduced fibroblast density for buccal (Nvfi 182 x 106). and for interdental sites (Nvfi 257 x 106). In addition, the variably high proportion of residual tissue in infiltrates of all treatments and sites probably reflects an increased volume of proliferated blood vessels.
Our experimental data do not allow association of collagen loss with the activity of any cell type residing in the infiltrates, because it cannot be excluded that this breakdown had occurred already during the initial acute inflammatory phase. It is tempting to assume, however, that the pronounced fibroblast reduction occurring exclusively in treatment A is correlated with the superimposed plasma cell accumulation. If this is true, loss of a certain number of fibroblasts, carrying actinomyces antigens on their surface, by antibody-antigen complexdependent cytotoxicity (4) or by complementdependent lysis is very considerable.
In addition, the data collected allowed us to elaborate on the indirect relationship between infiltrates and bone remodeling. A most interesting and surprising finding of the present study is the observation that the degree of alveolar bone loss seems to be independent of the size and cellular composition of the infiltrated connective tissue fraction. Furthermore, the present data allowed us to postulate that the degree of bone loss observed was unrelated to the direct destructive capacity of the infiltrate as measured by the amount of collagen and number of fibroblasts remaining in the infiltrated connective tissue fraction. This strongly suggests the presence of distinct mechanisms responsible for the activation of osteoclasts on the one hand and factors interfering with fibroblast activity and collagen maintenance on the other. In other words, in order to induce a reduction of bone, the chronic pathological process does not have to contact bone surfaces directly.
In the present study, bone loss was apparently induced by a predominantly lymphoid infiltrate of a delayed hypersensitivity type with 575 VOL. 10, 1974 on October 24, 2017 by guest http://iai.asm.org/ Downloaded from GUGGENHEIM AND SCHROEDER or without superimposition of plasma cells. This is in contrast to a common observation in cases of human periodontitis in which bone loss seems to be consistently associated with extensive plasma cell infiltrates (9) .
It is noteworthy that in the sham-immunized treatment B, only a predominantly lymphoid infiltrate occurred concomitantly with a plasma cell-rich infiltrate at different sites in the same animal. The observation that infiltrates of different character reside side by side and are locally confined in oral tissues of one particular subject is typically and consistently corroborated in man (33) . One of the reasons for the plasma-rich infiltrate observed interdentally rather than buccally in treatment B seems to be the fact that hair impaction is more frequently and numerously experienced at this site. Impacted hairs can be observed to contain massive amounts of microorganisms, reach into the depths of gingival connective tissu4, and probably act as an antigen-injecting syringe. It is only on these grounds that rapid tissue destruction in gnotobiotic, nonsensitized rats can be understood.
Hair impaction was equally frequent in all animals, i.e., in nonsensitized and sensitized rats. In spite of this fact, animals of group C exhibited exclusively an infiltrate typical for a delayed hypersensitivity reaction, whereas those of group A consistently revealed a plasma cell superimposition at all sites. This intriguing observation implies that the particular immune status (treatment C and A) was the significant factor determining the final type of peripheral infiltrative reaction. This statement, however, is based on quantitative cytology of the infiltrated connective tissue only. Unfortunately, no attempt was made to verify the presence of quantitative cell-mediated hypersensitivity by immunological procedures which would have allowed us to correlate the different types of infiltrates, tissue destruction, and bone loss to the degree of cell-mediated hypersensitivity. This important point must be considered in future studies.
